The bluestem gall midge (Stenodiplosis wattsii Gagné) is native to the grasslands of North America. It feeds on the developing seeds of warm-season grasses during a portion of its lifecycle, but little is known of the biology and extent of gall midge infestations in native warm-season grasses in the USA. We investigated the infestations of the bluestem gall midge in big bluestem Our objectives were to determine the annual production cycle of the bluestem gall midge, the range of the infestation in Nebraska, and estimate its impact on seed production. In eastern Nebraska, the midge goes through four generations with the fourth entering a larval diapause, overwintering in seeds and emerging in mid-June of the following year. The bluestem gall midge damaged from 31% of the little bluestem seed to 67% of the big bluestem seed, and, on average, reduced the production of viable seed by 54% across the four grass species in eastern Nebraska. Additionally, the warm-season prairie grasses were surveyed in nine other counties in Nebraska and the bluestem gall midge was found in each species surveyed from all nine counties. This study is the first to document the negative effects of the bluestem gall midge on the production of viable seed in sand bluestem and indiangrass.
Introduction
The bluestem gall midge (Stenodiplosis wattsii Gagné) is native to the tallgrass prairie of North America and has been identified in several native warm-season grasses in the USA [1] . During a portion of its lifecycle, it feeds on the developing caryopses of perennial warm-season grasses. The reduced seed production due to midge infestation had little historic impact on native grassland persistence since most native perennial grasses maintain their stands primarily by asexual reproduction. Commercial seed production from native grasses became prominent in the USA after the drought of the 1930's and became profitable during conservation programs such as the Soil Bank and Conservation Reserve Program, which brought the midge to the attention of seed producers in the USA. Currently, commercial seed producers of warm-season prairie grasses are concerned that insect damage may be reducing viable seed yields in seed production fields.
The bluestem gall midge was originally described in little bluestem [Schiza- chyrium scoparium (Michx.) Nash] [2] as Contarinia wattsii Gagné, but the species has been reclassified as Stenodiplosis wattsii Gagné [3] . However, it is interesting to note that Cornelius [4] reported the larvae of an insect infested 10 to 20% of big bluestem (Andropogon gerardii Vitman) florets but attempts to identify the larvae were unsuccessful. He reported the larvae resembled the caryopses of big bluestem, were filled with an orange-colored liquid, and resembled the sorghum midge (Contarinia sorghicola). Cornelius was apparently the first to document the negative effects of the bluestem gall midge on seed production.
Little information has been published on this insect. Carter et al. [5] identified infestations of a seed midge in big bluestem in eastern Nebraska, USA. They reported three generations of the bluestem gall midge occurred each year, with the third generation entering diapause. They estimated seed loss could exceed 40%.
Vogel and Manglitz [6] reviewed the effect of the bluestem gall midge on the sexual reproduction of big bluestem. They speculated that other warm-season grasses are likely infested by the midge but collected no specimens from other grasses. They indicated that no information is available on many aspects of the life history and biology of the bluestem gall midge and this lack of information limits our understanding of the need for control. Additionally, they discussed similar midges occurring in the seeds of smooth bromegrass (Bromus inermis Leyss.), timothy (Phleum pratense L.), and sorghum [Sorghum bicolor (L.) Moench].
Boe et al. [7] reported that seed set in big bluestem was reduced by the bluestem gall midge. They reported infestation of sessile spikelets was greater than for pedicellate spikelets. Consequently, the pedicellate spikelet trait increased total seed set in the presence of the bluestem seed midge and may have potential for improving seed yields.
Vogel and Manglitz [8] We initiated a study in Nebraska, USA to quantify the annual production cycle, presence, potential hosts, and potential impact of the bluestem gall midge on seed production in commercial fields of big bluestem, sand bluestem (Andropogon gerardii var paucipilus), little bluestem, and indiangrass [Sorghastrum nutans (L.) Nash]. Our objectives were to: 1) determine the annual production cycle and population demographics of the bluestem gall midge in four native warm-season grasses, 2) determine the frequency of seed predation by the bluestem gall midge, and 3) estimate the geographic range of the bluestem gall midge in Nebraska, USA. 
Materials and Methods

Emergence from Diapause Traps
Traps like those described by Raatikainen et al. [9] were constructed to collect adult bluestem gall midges emerging from over-wintering sites. Rods were welded at the corners to form a four-sided pyramid with a 51-cm by 51-cm 
Summer Generations
Diapause Generation and Seed Damage
Immediately prior to seed harvest, inflorescences were gathered randomly from pace transects in seed production fields of each grass species. Inflorescences were transported to the laboratory, florets removed, and individual florets for each species (~350 -800) examined by microscopic dissection. Florets were recorded as fertile, empty (not fertilized), damaged, viable, or infested with a midge larva in diapause.
Geographic Range
During August of 2003, a survey of eight Nebraska counties was conducted to determine the geographic range of the bluestem gall midge in Nebraska. Big bluestem and little bluestem inflorescences were collected from roadsides, set-aside acres, seeded pastures, and native prairies in Butler, Custer, Fillmore, Howard, Kearney, Lincoln, Red Willow, and Thomas Counties in Nebraska, USA. Inflorescences were bagged, location noted, and evaluated daily for midge emergence as previously described.
Results and Discussion
Annual Life Cycle Stages of the Bluestem Gall Midge
Emergence of the Diapause Generation
The emergence traps demonstrated that insect emergence coincided with inflo- as temperatures decline and day length shortens and remains in diapause through the winter and spring. As sufficient heat accumulates, and days lengthen in late spring and early summer, pupation is initiated, and adults emerge as grass inflorescences exert.
Summer Generations
The ratio of males to females during summer generations was variable (Table 1) .
In 
Damage Resulting from Bluestem Gall Midge Infestation
Gall midge damage to a floret typically resulted in the complete consumption of the endosperm, so a damaged seed would not be viable. Based on all florets Table 1 . Mean number of males and females (standard error of the mean) and sex ratio of examined, the percentage of fertile florets was 76% for big bluestem, 65% for sand bluestem, 93% for little bluestem, and 45% for indiangrass (Table 2) . Of the fertile florets, the percentage damaged by gall midge activity was 60% for big bluestem, 51% for sand bluestem, 47% for little bluestem, and 56% for indiangrass. Consequently, the bluestem gall midge damaged more than 50% of the fertile florets averaged across all four grass species.
Geographic Range
Bluestem gall midges emerged from every sample collected in Butler, Custer, Fillmore, Howard, Kearney, Lincoln, Red Willow, and Thomas Counties in Nebraska, USA (Figure 2 ). Based on our collections and previous literature reports, the bluestem gall midge likely occurs in most areas where big bluestem, little bluestem, indiangrass, and sand bluestem grow in Nebraska, and these grasses likely provide critical habitat for midge reproduction.
Other Insects Encountered in Inflorescences
The weekly bagged inflorescences revealed two other insect species. The most frequently encountered was a grass thrips (Thysanoptera). Four to eight individuals emerged daily during August. Their rasping mouthparts allow feeding on sugars in the plant sap of stems and florets. The other insect occasionally found in bagged inflorescences was Eugaurax floridensis Sabrosky (Diptera:
Chloropidae: Oscinellinae). It is apparently the only species of this genus in the USA. The larva is a typical pale-green seed maggot that feeds on grass seed, as does the bluestem gall midge. These were found in only 2 of the 5 years during which these grasses were studied.
E. S. Raun, R. B. Mitchell Table 2 . Seed characteristics of microscopically examined florets of "Pawnee" big bluestem, "Goldstrike" sand bluestem, "Camper" little bluestem, and "Tomahawk" indiangrass randomly collected from commercial certified seed fields in Cass County, Nebraska, USA. The percent of damaged and viable seed are based on fertile florets. Empty florets were never fertilized. Figure 2 . The bluestem gall midge was identified in the inflorescences of native warm-season grasses collected in Butler, Cass, Custer, Fillmore, Howard, Kearney, Lincoln, Red Willow, and Thomas Counties in Nebraska, USA which are identified in blue.
Summary and Conclusion
More than 20,000 florets of big bluestem, sand bluestem, little bluestem, and indiangrass were dissected during this study. The bluestem gall midge was found in four warm-season grass species in eastern Nebraska and in nine counties in American Journal of Plant Sciences grasses. However, the consequences to commercial seed production can be severe. On average, the bluestem gall midge damaged 54% of the seed in inflorescences of big bluestem, sand bluestem, little bluestem, and indiangrass in eastern Nebraska. Consequently, treatment to control the bluestem gall midge could double the production of viable seed and provide a significant economic benefit to commercial seed producers of these species. Additionally, this study is the first to document the negative effects of the bluestem gall midge on the production of viable seed in sand bluestem and indiangrass.
